To directly identify the plant origin of propolis from Takebe-cho (Okayama, Japan), we observed the honeybee behavior. Honeybees scraped sap from the tree, Rhus javanica var. chinensis. We compared the constituents and radical-scavenging activity of this sap and propolis. Their chemical constituents and radical-scavenging activity were comparable. This indicates directly that the plant origin of this propolis is R. javanica var. chinensis.
Propolis, a natural resinous substance collected by honeybees from buds and exudates of plants, is considered to be used in the beehive as a protective barrier against their enemies. It is extensively used in food and beverages to improve health and prevent diseases for human. The chemical composition of propolis reportedly depends on the specificity of the local flora at the site of collection. Thus, the composition of the plant of origin determines the chemical composition of propolis. Extensive research and development has been conducted on propolis throughout the world. It is generally accepted and has been chemically demonstrated that the bud exudates of poplar trees are the main source of propolis in the temperate zone. Thus, European propolis contains typical 'poplar bud' phenolics such as flavonoid aglycones (flavones and flavanones), phenolic acids and their esters. 1) On the other hand, we have previously found that the plant origin of Brazilian propolis is Baccharis dracunculifolia by observing honeybee behavior and by a phytochemical analysis.
2) Brazilian honeybees collect leaves of this plant and bring it back to their nest to use it as propolis. The main compounds found in Brazilian propolis were prenylated derivatives of p-coumaric acid, diterpenes, lignans and flavonoids. These compounds are different from those in 'poplar type (poplar bud)' propolis.
We have studied the chemistry of not only Brazilian propolis, but also of propolis collected in various areas of Japan, 3) and have reported that propolis from Okayama prefecture is 'poplar type.' However, in a further study of the propolis from various places in Okayama, we found that propolis from Takebe-cho in Okayama has constituents not present in propolis from other regions. Thus, the plant origin of propolis from Takebe-cho could be expected to be a plant that mainly grows in the region.
In the present study, we conducted experiments to identify the plant origin of propolis from Takebe-cho, Okayama, by direct evidence. We tracked the behavior of honeybees, Apis mellifera, to determine which plant material they use as the source of propolis. We then comparatively analyzed the constituents of the plant material and propolis by HPLC with a photo-diode array (PDA) detector. We also compared their 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical-scavenging activities.
During the study to identify the plant origin of propolis from Takebe-cho, we found honeybee workers collecting the sap from a certain tree. Honeybees used their mandibles to scrape the resinous sap and made it into a small particle. They then moved it by their forelegs and pressed it against each of the corbiculae on their hind legs. This behavior was recorded with a digital camera (Fig. 1) . The resinous material from the sap was unloaded by another nestmate worker by using its mandibles and attached to an area of the nest where similar pieces had already been placed. After this y To whom correspondence should be addressed. Tel/Fax: +81-54-264-5523; E-mail: kumazawa@u-shizuoka-ken.ac.jp observation, we sampled the sap of this tree and the propolis gathered. The tree was identified as Rhus javanica var. chinensis (Anacardiaceae).
We extracted the collected the sap of the tree (R. javanica var. chinensis) and propolis with ethanol, and analyzed them by HPLC to compare their constituents. Figure 2a and b show the HPLC profiles (280 nm) of ethanol extracts of the sap of R. javanica var. chinensis (sample a) and propolis (sample b), respectively. Each peak was compared for its retention time and UV spectrum by PDA detection. The chromatograms of samples a and b showed good correspondence. A further LC-MS analysis was also carried out to compare each peak. In both samples a and b, similar molecular ion peaks were observed at peaks 1-6 (data not shown), although these peaks have not been identified. On the other hand, Fig. 2c and d show the chromatogram of the ethanol extract of the Baccharis and poplar type of propolis from Brazil (sample c) and Uruguay (sample d), respectively. The profiles of Fig. 2c and d are quite different from those of Fig. 2a and b . Peaks 1-6 were not apparent in Fig. 2c and d .
We compared the DPPH radical-scavenging activity of ethanol extracts of the sap from the plant (R. javanica var. chinensis) and propolis. 4) The results at the final concentration of 20 mg/ml showed that both extracts had potent radical-scavenging activity. The activities of the plant and propolis were 91:84 AE 2:32% and 67:56 AE 2:33%, respectively. The activity of this propolis is higher than those of Brazilian (Baccharis origin) and Uruguayan propolis (poplar origin). 4) We have previously reported that the plant origin of Brazilian green propolis was Baccharis dracunculiforia, based on observation and filming of bee behavior and on the chemical composition of the plant material and propolis as already described. 2) In this present study, we also used a combination of honeybee behavioral observation and a comparative chemical analysis of the plant material and propolis, and found a new plant origin of propolis, R. javanica var. chinensis.
R. javanica var. chinensis is a plant that can be found throughout Southeast Asia. It has been reported that the leaf and root extracts of R. javanica species have various biological activities such as antifungal and antiviral activities. 5, 6) Flavonoids with DNA strandscission activity have been recently identified from the stem of R. javanica species. 7) However, no studies on the chemical constituents and biological activities of the sap of R. javanica var. chinensis have been reported. It is possible that peaks 1-6 in Fig. 2 are flavonoids from their UV and mass spectra data. However, it is not clear whether peaks 1-6 are similar to the flavonoids isolated from the stem of R. javanica species or not. The present propolis from Takebe-cho, Okayama apparently does not contain the flavonoids present in the propolis from poplar as shown in Fig. 2d . Furthermore, its profile is different from the propolis from Baccharis (Fig. 2c) . Thus, in this study, we found for the first time not only that the sap of R. javanica var. chinensis is one of the source plants of propolis, but also that the propolis from Takebe-cho, Okayama is a new type of propolis different from those of poplar and Baccharis. However, it is not clear why honeybees choose this particular plant source in Takebe-cho, Okayama. Further studies on the detailed constituents and biological activities of the sap of R. javanica var. chinensis and propolis are needed. Observation of the honeybees. We used honeybee colonies kept in an apiary in Takebe-cho (Okayama, Japan), where about 20 hives were located. Various observations were made during Aug.-Oct. 2006. We found honeybee workers foraging on plants and photographed the sap-collecting behavior of the honeybees from the plant, Rhus javanica var. chinensis.
Sampling of the sap of Rhus javanica var. chinensis and propolis. We collected the sap of R. javanica var. chinensis, which honeybees had scraped and packed on their corbiculae (sample a), and propolis from the hive to which a number of sap collectors had returned (sample b). Brazilian (sample c) and Uruguayan (sample d) propolis were provided from Api Corporation (Gifu, Japan) and Aichi Uruguay S. A. (Montevideo, Uruguay), respectively. One milligram each of the sap and propolis were extracted with 1 ml of ethanol at room temperature. After 24 h, the extracts were passed through a 0.45-mm filter (Gelman Science, Tokyo, Japan) prior to the injection of 10 ml into a Jasco (Tokyo, Japan) Gulliver HPLC system with PDA detection.
Apparatus for the analysis. The HPLC analysis of the samples was conducted with a Capcell Pak UG120 (Shiseido, Tokyo, Japan) C18 column (4:6 Â 250 mm, 5 mm). The mobile phase consisted of water with 0.1% trifluoroacetic acid (TFA) (A) and acetonitrile with 0.1% TFA (B). A linear gradient of 50-80% B (0-10 min), 80-90% B (10-12.5 min), 90-100% B (12.5-13.5 min), and 100% B (13.5-30 min) at a flow rate of 1.0 ml/min was used. UV spectra were recorded in the range 195-650 nm.
